Research has shown that for patients undergoing low back surgery preoperative physical, psychological, and demographic and social information are predictive of outcome. However, some of the research findings have been conflicting, difficult to replicate and made questionable because of major methodological shortcomings. This study attempts to clarify further which preoperative variables best predict low back surgery outcome, using refined methodology. The sample comprised 140 patients (87 males, 53 females; age range 19 to 84 years; mean±SD, 48.5 ± 15.4 years) scheduled to undergo first-time low back surgery. Before surgery, patients were interviewed, and completed a comprehensive psychometric test battery. Perioperative information was collected on every patient. Outcome was assessed at six months following surgery, and surveyed patient pain levels, perceived pain relief, level of disability, return to work and analgesic use. Outcome was evaluated in terms of pain relief, and pain relief in conjunction with the level of disability, return to work status and analgesic use. Outcome was correlated with preoperative psychosocial variables alone. The variables found to be predictive of outcome included: compensation involvement; previous serious illness; having close family members who had experienced chronic pain; childhood hospitalization for serious illness; a nonorganic pain drawing; catastrophizing; depression; psychological maladjustment and psychological issues suspected by the interviewer. The preliminary findings suggest that preoperative psychosocial assessment is of great importance for first-time low back surgery outcome. Further follow-up of the study sample is required to confirm the reliability of findings.
L ow back pain disability is the most costly medical condition in industrialized countries, and is the number one cause of disability in people under 45 years of age (1) (2) (3) (4) (5) . Effective treatment of such back problems is undermined by a lack of knowledge concerning this condition (6) (7) (8) . In light of this fact, it is not surprising that some researchers have argued that most treatments aimed at preventing back problems or restoring function have been dismal failures (4) . Certainly, in countries where back pain is compensable, failed treatment has carried a high price in terms of lost productivity, compensation payments and disability (9) . This is an alarming fact because the incidence of low back pain and disability is increasing dramatically in Western countries (10) .
Low back pain will affect over 60% of the population at some point in their lives. It is usually not associated with demonstrable pathology and, in the vast majority of cases, will resolve quickly and uneventfully (9) . For patients who experience low back pain, approximately half are no longer disabled within two weeks; 70% have recovered within four weeks and within three to four months, 90% are pain free (11) . For the patients who continue to experience symptoms, the majority will be disabled and off work at the end of one year, and most of these disabled individuals will continue to be disabled after two years (5) . Chronic pain patients go on to have extensive and costly medical treatments, compensation benefits and legal awards which are quite disproportionate to the entire population of patients who suffer any form of low back problems (5) .
In particular low back, sciatic, acute and, more frequently, chronic pain, are often treated with surgical intervention. However, such surgical intervention is not always followed by pain relief, even in cases where surgery is technically successful. Researchers therefore have attempted to account for such inconsistencies in outcome to differentiate patients who do well from those who do poorly. This process could allow surgeons to refine the selection and preparation of patients for lumbosacral surgery to maximize success rates. Such research has demonstrated that various preoperative demographic, social and especially psychological variables are significantly associated with surgery outcome (12) . However, more research is required because the findings to date have been conflicting, difficult to replicate and have been questionable due to major flaws in study design (12) . In addition, psychosocial concomitants of back pain treatment outcome have been neglected in favour of the clinical characteristics. Furthermore, in cases where psychosocial variables have been studied, few outcome studies have incorporated a wide enough array of standardized assessment measures to offer a critical comparison of the relative importance of clinical and psychosocial features in the prediction of treatment outcome (9) . The same authors argued that for acute and subchronic low back pain, patient psychological status at presentation had a much stronger influence on outcome than clinical information gathered at the same time. This may also be the case for chronic low back pain.
Physical factors have been shown to be predictive of outcome, but in many cases physical findings, especially radio-graphic results, have proved unreliable (13) . The majority of low back pain is poorly defined and physically unverifiable, and cannot be visualized or verified upon physical examination. The converse is also true. Jensen et al (14) reported significant spinal abnormality as evidenced by magnetic resonance imaging in asymptomatic patients. The incidence of positive radiographic findings for asymptomatic patients has also been reported by others (7, (15) (16) (17) . The above points may explain why previous approaches that emphasized physical variables and neglected the nonphysical have generally been unsuccessful (4) .
This study aims to clarify further which preoperative physical, psychological, and demographic and social variables predict lumbosacral surgery outcome using refined methodology. An attempt was made to incorporate suggestions made by researchers in the field which relate to the refinements of methodology, patient sampling, assessment, and follow-up measures and methods (12, 18) . While variables from the physical and nonphysical domains are studied, the emphasis is on the nonphysical and especially the ability of psychological variables to predict low back surgery outcome.
It was hypothesized that patients who had successful surgery would differ significantly from those who did not, based upon a range of preoperative physical, psychological, and social and demographic variables.
The psychological variables that were measured preoperatively included psychological disturbance, anxiety, hostility, somatization, depression, coping, locus of control and hypochondriasis. Dispositional optimism was also assessed as a potential predictor variable, because Scheier et al (19) have found that this variable is a predictor of coronary artery bypass surgery outcome, and studies in the area of lumbar surgery suggest that pessimism/optimism may also be of significance in this area (20, 21) . It was considered important to evaluate each variable as a predictor of outcome, to clarify how these variables combine to influence outcome and to observe how well the psychological tests used serve to predict patient response to treatment.
It is hoped that the results from the present study and other studies that use improved study designs can help to clarify further which patients are more likely to fare well from lumbar surgery, and perhaps to suggest ways for 'poor prospects' with good physical indications to be assisted before surgery so as to maximize the probability that they will benefit from lumbosacral surgical intervention.
PATIENTS AND METHODS

Participants
One hundred and forty-two first-time low back surgery candidates, who met eligibility criteria for this study during the one-year recruitment period (August 1, 1995 to July 31, 1996) , were invited to participate in this study. Eligible patients were those who were about to undergo low back surgery for the first time; were not having the surgery as an emergency procedure (eg, cauda equina compression syndrome); had been experiencing low back and/or sciatic pain for at least three months before the scheduling of surgery; and who could understand the English language.
Of these, one declined to participate due to the perceived demands of the study, and one who agreed to participate in the study was interviewed the day before surgery but was unable to complete the presurgery assessment due to serious medical complications before surgery, and thus was excluded from the study. The remaining sample of 140 patients comprised 87 males (62.1%) and 53 females (37.9%); age ranged from 19 to 84 years (mean ± SD, 48.5±15.4).
Measurement of preoperative variables
Preoperative physical, psychological, and demographic and social variables were measured and/or recorded using a Presurgery Semistructured Interview, Low Back Surgery Patient Questionnaire and Surgeon Checklist. Presurgery Semistructured Interview: The interview was designed by the first author. It included a large number of physical, psychological, and demographic and social variables that previous research has shown to be worthy of consideration for predicting low back surgery outcome, and/or were important to survey to describe fully the sample being studied. It is important to note that, the interview was semistructured. Patients, therefore, had more of an opportunity to describe their experiences with low back pain and disability, and personal histories. The variables surveyed in the instrument included: demographic information such as age and sex; relationship information such as marital status; family information such as number of children; existence of close family members with chronic pain or illness; occupational data; expectations of returning to work following surgery; compensation status; patient report of current complaint; substance and medication use; previous medical history (previous illness, pain or back problems) and interviewer observations. Low Back Surgery Patient Questionnaire: This questionnaire was a battery of psychometric inventories outlined below and compiled to measure a number of preoperative variables of interest in this study.
The McGill Pain Questionnaire (MPQ) was used as a reliable measure of preoperative pain (22) (23) (24) (25) .
An adaptation of the Sickness Impact Profile (SIP) (26) was used in this study to measure preoperative patient reported disability level. The SIP is a 136-item instrument that was developed to provide a behaviourally based measure of sickness-related dysfunction. It has been reported to have good reliability and validity (27) . This instrument is very lengthy, and it can be argued that the questionnaire has a large number of questions irrelevant to patients with low back pain (28) . For this reason, the authors decided to use an adaptation based upon the questionnaire using 12 analogue scales, on which patients rate from 0 to 10 (0 -not at all, to 10 -a great deal) how much their low back condition, and the pain associated with it, affected them. The analogue scales surveyed the following categories: sleep and rest; emotional behaviour; body care and movement; home management; relationships; ambulation; communication; mobility; alertness behaviour; work; recreation and pastimes; and eating.
The Brief Symptom Inventory (BSI) (29) was used as a measure of psychological adjustment. The Global Severity Index was used to measure psychological maladjustment. The anxiety symptom dimension was used to measure preoperative anxiety, the hostility symptom dimension was used to measure preoperative hostility and the somatization symptom dimension was used to measure preoperative somatization in this study. The BSI and its dimensions have been shown to have good reliability and internal consistency, and good convergent, discriminant, construct and predictive validity (29, 30) .
The Revised Life Orientation Test (LOT-R) (31) was used as a measure of dispositional optimism shown to have good reliability and internal consistency.
The Whiteley-7 Scale was used as a measure of preoperative hypochondriasis (32) with high internal validity and acceptable reliability.
The coping Strategies Questionnaire (CSQ) (33) was used as a measure of preoperative coping strategy. This questionnaire lists 42 strategies for coping with pain, which include six different cognitive strategies (diverting attention, reinterpreting pain sensations, coping self-statements, ignoring pain sensations, praying or hoping and catastrophizing) and one behavioural strategy (increasing activity level). This questionnaire has been shown to have satisfactory internal reliability (33) . Patient scores on CSQ subscales were used instead of factor scores, because previous research has demonstrated inconsistency with regard to the factor structure of the CSQ (18).
The Zung Depression Scale (34) was used as a depression measure with adequate reliability and validity. Multidimensional Health Locus of Control scale (35) was used as a measure of preoperative internal locus of control, with established reliability and validity.
Pain drawing and Waddell's nonorganic signs test were used as measures of nonorganic pain signs and symptoms (36, 37) . Pain drawings were assessed using the technique described by Uden et al (38) , and used as reported by Chan et al (40) . Excellent interevaluation reliability among both trained and untrained evaluators has been reported (39) .
Expectations of pain relief were measured using three analogue scales ranging from 0 (no pain relief) to 10 (total pain relief). The first scale recorded expected back pain relief, the second leg pain relief and the third total pain relief.
Surgeon Checklist:
The surgeon checklist was completed by surgeons before and after surgery on every patient in the study. It requested that for each patient surgeons note the following preoperative and intraoperative variables: surgeon's expectation of surgery outcome; motor function; sensory deficit; ankle jerk and knee jerk reflexes; diagnostic test results; whether prolapse was discovered at surgery; prolapse size; levels of surgery; intraoperative complications; postoperative complications; discharge diagnosis; type of surgery; fusion; and number of levels fused. Results from Waddell's Nonor-ganic signs test (38) were also noted by surgeons on this checklist.
Measurement of postoperative and follow-up information
Postoperative outcome variables were measured and/or recorded using the Follow-up Semistructured Interview and the Low Back Surgery Patient Follow-up Questionnaire six months following surgery. Follow-up semistructured interview: This interview, designed by the first author, surveys a range of variables important to assess fully surgery outcome, includes the following: patient report of whether they have benefited from surgery; patient report of pain relief following surgery, including sites of pain or pain relief, duration of pain or pain relief, and nature of pain (constant or intermittent); patient estimation of the percentage of pain relief; employment details after surgery; compensation status; litigation status; postoperative treatment (if any); medication use; alcohol consumption; cigarette use; and additional observations or comments. Low Back Surgery Patient Follow-up Questionnaire: Six months after surgery, patients completed the Low Back Surgery Patient Follow-up Questionnaire. This survey measured patient perceived pain using the MPQ and three pain relief analogue scales ranging from 0 (no pain relief) to 10 (total pain relief). On these three scales, patients were requested to indicate how much back, leg and total pain relief, respectively, they had experienced following surgery. Patient reported disability levels were measured postoperatively at follow-up using the adapted SIP analogue scales outlined earlier. Patients were requested to rate on an analogue scale how successful they felt surgery had been for them. This scale ranged from 0 (surgery not of any benefit) to 10 (surgery totally relieved pain). Patients were asked whether they would consider undergoing the procedure again, if necessary, and their comments were recorded on a analogue scale ranging from 0 (would definitely not have surgery) to 10 (would definitely have surgery).
Procedure
Patients being scheduled for first-time low back surgery during the one-year recruitment period were told by surgeons about the study and asked if they would agree to have researchers contact them. Patients were subsequently contacted via telephone, and the nature of the study was explained. If the patients agreed at this point to participate, the researcher scheduled a meeting with the patient in the ward upon admission on the day before surgery. All consenting patients took part in the preoperative interview and completed the preoperative questionnaire that same day.
Surgeons were asked to complete the Surgeon Checklist (outlined earlier) for all patients before and after surgery. Before surgery, surgeons were asked to note their expectations of surgery outcome, and were asked to perform Waddell's nonorganic signs test for each patient. After surgery, the surgeons completed all other checklist details.
Six months after surgery, the first author contacted patients via telephone to assess patient status. All patients were interviewed using the Follow-up Semistructured Interview, and were asked to complete the Low Back Surgery Followup Questionnaire. Further follow-up is planned at one year and annually thereafter for five years. The details on further follow-up are not available for this article.
Statistical analysis
Unless otherwise specified, all of the statistical procedures described in this section were performed using SPSS for Windows (SPSS for Windows, Chicago, Illinois).
Preliminary analysis of the outcome variables relating to postoperative pain relief and satisfaction with surgery was performed because it was expected that these variables would be highly correlated. To examine these inter-relationships, the variables were analyzed using Pearson product moment correlations. In addition to these correlations, a principal component analysis using Varimax rotation (40) was performed on these variables, to clarify whether they would, as expected, fall upon one and only one component. Further clarification of the inter-relationships was undertaken by analyzing the z-transformations of these outcome variables using Cronbach's alpha (41, 42 ) -a technique for measuring the degree of internal consistency, and hence whether the variables appeared to be a coherent measure of pain relief or surgery success. Z-transformations were employed to reduce differences in scale between the variables. As expected, these variables were shown to be highly interrelated, and therefore arguably measured the same (or highly related) concepts (pain relief or satisfaction with surgery). The z-transformed postoperative pain relief and satisfaction with surgery variable scores for all patients on each variable were summed to produce the dependent (outcome) variable, largely reflecting pain relief, called TOTALZ.
Each patient in the sample was classified into one of three groups, which reflected good, fair or poor surgery outcome, according to the patient's status on the four postoperative variables of reported pain relief, disability, return to usual work or activity and medication use. This rating system has been used a number of times in previous studies (43) (44) (45) (46) (47) (48) (49) (50) , and is derived from the Mayo Clinic's rating system. Pain relief was based upon the total pain relief score derived from each patient's estimate of pain relief as reported in the follow-up questionnaire and interview. Restriction of physical activity was based upon the patient's perceived level of disability reported in the follow-up questionnaire. Return to work or activity and medication use were clarified at the follow-up interview. This system is based upon the following criteria.
· Good -over 75% relief of back and leg pain, return to usual work, occasional mild or no analgesic medication, and minimal or no restrictions to physical activity · Fair -26% to 75% relief of back and leg pain, return to less strenuous work, regular use of mild (non-narcotic) analgesic medication and moderate physical activity restriction · Poor -0% to 25% relief or worsening of back and leg pain, no return to work, occasional or regular use of strong (narcotic) analgesic medication, and severe restrictions to physical activity Note that the outcome rating was determined by the most impaired rating in any category.
Patient classification into one of these three groups, provided a dependent (outcome) variable relating to a combination of important outcome criteria (pain relief, disability, return to work, medication use), and was labelled OUTCOME2. In addition, the three categories were reduced to two groups, comprising the good and a combination of fair or poor categories, producing a variable reflecting a binary grouping of successful versus unsuccessful outcome. This variable was labelled DICHOT2.
A review of the Preoperative Low Back Surgery Patient Questionnaire, Presurgery Semistructured Interview, and Surgeon Checklist was completed to clarify the variables to be used in subsequent regression analyses. Some variables were deleted from the outset for various reasons, eg, if all patients responded in the same way for a particular item. The remain-ing independent variables recorded categorically were then transformed to produce k-1 (where k is the number of categories) binary or 'dummy' variables according to the procedure of Cohen and Cohen (51) for subsequent data analysis.
Correlation coefficients were calculated to measure the correlations between TOTALZ, OUTCOME2 and DICHOT2, and all the remaining independent variables. Of these, only independent variables with statistically significant correlations with the dependent variable in question (P£ 0.05)were employed in the regression analyses.
TOTALZ was used as the dependent (outcome) variable in hierarchical multiple linear regression analyses (51) . In addition to entering the independent variables significantly correlated with this dependent variable (P£ 0.05), preoperative pain and disability measures were entered first into the regression equation to clarify how much of the variance in TOTALZ could be accounted for by these two variables.
Because the variable OUTCOME2 may be said to be measured on an ordinal scale (good, fair, poor), maximum likelihood ordered logit regression (52, 53) was employed. This technique is similar to logistic regression and multinomial or polytomous logistic regression (53, 54) except that the former allows only binary outcomes and the latter allows multinomial (eg, unordered) outcomes.
An hierarchical ordered logit regression was carried out (29) . For the present study, the adult nonpatient norms were used to calculate patient T scores. The score on each of these BSI dimensions that will serve in a selection model to define a positive case for that dimension is generally a T score greater than or equal to 63 (29) . However, it is acknowledged that the generalizability of this decision rule has not been fully explored (29) . The higher the T score, the more the respondent experiences symptoms as measured on the symptom dimension. † The higher the score, the more optimistic the respondent. ‡
The higher the score, the more hypochondriacal the respondent. § The higher the score, the more depressed the respondent. ¶ . Using the variables subsequently selected by this procedure to predict OUTCOME2, a classification accuracy (classification of patients into good, fair, or poor groups) in nonchance corrected and chance corrected kappa percentage terms (55,56) were given. Selection of independent variables for this regression analysis was based upon significant (P£ 0.05) correlation coefficients. Finally, hierarchical logistic regression analysis (54) was used for DICHOT2 to attempt to predict group membership into these two groups reflecting successful versus unsuccessful outcome, respectively. Selection of independent variables for this regression analysis was again based upon significant (P=0.05) correlation coefficients.
RESULTS
Preoperative patient characteristics are presented in the Tables 1 to 4 and describe the study sample in detail.
First follow-up (six months postoperative), and data and statistical analysis
Six months following surgery, complete outcome data were obtained for the entire sample (100%). Dependent variables: The preliminary analysis of the set of dependent variables relating to postoperative pain relief and satisfaction with surgery (back pain relief, leg pain relief, total pain relief, patient perceived success of surgery, patient preparedness to make the same decision for surgery again, estimated total pain relief at interview) revealed statistically significant (P=0.05) Pearson product moment correlations.
Principal component analysis (41) of these variables indi-cated that all variables loaded on one factor, with high factor loading (greater than 0.7 in all cases). Varimax rotation was not possible because only a one-factor solution was extracted.
The z-transformations of these dependent variables were analyzed using Cronbach's alpha (41, 42) . As mentioned earlier, z-transformations were required because of the differences of scale between the variables. These items had a coefficient alpha of 0.9521, which indicated a high degree of internal consistency and suggested that these items taken together appear to be a coherent measure of pain relief or surgery success. Because these variables were shown to be highly interrelated, and arguably measured essentially the same concept (pain relief or satisfaction with surgery), the variables were combined into one composite variable for subsequent multiple regression. The dependent variable scores for all patients on each individual dependent variable were transformed into z scores and summed to produce the variable TOTALZ.
All patients were classified at follow-up into the three groups outlined above. The good outcome group comprised 63 patients (45% of total sample), the fair group 31 patients (22.1%) and the poor group 46 patients (32.9%). The resulting group variable was labelled OUTCOME2, which was also used as a dependent variable for subsequent regression analysis. Independent variables: Review of all independent variables for missing data indicated that the following variables contained missing data (the amount of which is indicated in parentheses): optimism (five patients); internal locus of control (two patients); all CSQ subscales (three patients); radiographic results (32 patients); computer assisted tomography scan results (20 patients); magnetic resonance imaging results (76 patients); myelography results (103 patients); discography results (113 patients); other diagnostic test results (138 patients); prolapse found at surgery, if any (73 patients); size of prolapse, if applicable (73 patients); occupation type variables (40 patients); time off work before surgery (47 patients); job satisfaction variables (40 patients); job financial satisfaction variables (40 patients); expectation of return to Due to the extensive missing data for these variables, they were deleted from subsequent analysis. These occupational variables were hence deleted from subsequent regression analyses to avoid the problems associated with such a large proportion of missing data. The amount of missing data for optimism, locus of control and coping was not extensive, and these variables were, therefore, retained for regression analyses. Following the calculation of correlation coefficients between each regression dependent variable (TOTALZ, OUT-COME2 and DICHOT2) and all the remaining independent variables, a further reduction of the number of independent variables entered into regression analyses occurred by subsequently excluding from entry into the regression equations all independent variables with a nonsignificant (P>0.05) correlation with the dependent variable in question.
Multivariate (regression) data analysis Hierarchical multiple regression analyses for TOTALZ:
Hierarchical multiple regression analyses (52) were performed using TOTALZ as the dependent variable and using the independent variables as outlined above. Although baseline pain and disability measures did not have significant regression (B) coefficients, they were retained for theoretical reasons. This procedure resulted in the selection of nine variables (including the retained PAIN1 and DISABIL1), which together accounted for 52.78% of the variance (adjusted R 2 =0.5278 in TOTALZ (F[9, 127]=17.89, P<0.0001) ( Table 5 ). Hierarchical ordered logit regression analyses for OUT-COME2: Hierarchical ordered logit regression yielded four variables (presurgery pain and disability measures were not retained using this procedure) ( Table 6 ). Using these four variables to predict OUTCOME2 gave a classification accuracy (classification into good, fair, poor) of 66.43% (kappa=0.45, Z=7.30, P<0.0001, rho 2 @ 0.41) ( Table 7) . A squared Spearman's rho, a nonparametric correlation coefficient for ordinal data (57), provides a statistic that is a form of equivalent to the percentage of variance explained by the so- lution; ie, a rho 2 of 0.41 denotes that approximately 41% of the variance in outcome is explained by the regression equation.
Predictors of low back surgery outcome
Logistic regression analysis for DICHOT2
Hierarchical logistic regression analysis was conducted on DICHOT2. This procedure yielded four variables (presurgery pain and disability measures were not retained using this procedure) ( Table 8 ). Using these four variables to predict patient membership of the two groups gave a classification accuracy (classification into good, fair or poor groups) of 80.71% (kappa=0.61, P<0.0001, phi 2 (equivalent to R 2 )=0.37) ( Table 9 ).
DISCUSSION
Six months after surgery patients who had successful lumbar surgery could be distinguished from those who did not, based upon a combination of preoperative variables. This was the case when outcome was conceptualized in terms of pain relief (TOTALZ) and a composite outcome variable that considered pain relief in conjunction with perceived level of disability, return to work or activity and medication use (OUTCOME2/DICHOT2).
Multiple regression analyses of outcome as conceptualized by pain relief
Six months following surgery, patient pain relief was significantly and inversely associated with compensation involvement, previous serious illness, close family members with chronic pain, childhood hospitalization for serious illness, pain drawing, catastrophizing and psychological issues suspected at interview. More specifically, greater pain relief was associated with no compensation involvement; having had no previous serious illnesses; having no family members with chronic pain; having had no childhood hospitalizations for serious illness; an anatomically consistent pain drawing; lower catastrophizing as measured by the catastrophizing subscale of the CSQ; and no psychological issues being suspected during the assessment interview. These variables (including nonsignificant preoperative pain and disability levels) accounted for 52.78% of the variance in pain relief at six months following surgery.
Regression analyses of outcome as conceptualized by pain relief, perceived disability, return to work or activity and medication use
Six months following surgery, outcome as measured by membership in the good, fair or poor groups could be predicted using a regression equation comprising four variables: compensation involvement; previous serious illness; Zung depression score; and psychological issues suspected at interview. Prediction of better outcome was associated with no compensation involvement, no previous serious illness, a lower depression score and no psychological issues being suspected at interview. Using these four variables to predict outcome in this way resulted in a classification accuracy of 66.43%.
When outcome at the six-month review was compressed into the binary classification of good versus fair or poor, outcome was predicted by four variables with a classification accuracy of 80.71%. At this review, the variables selected by this procedure were the same as those selected for the threecategory outcome classification of patients at the six-month review as mentioned above.
General discussion of multivariate results
Compensation involvement was associated with poorer outcome whether outcome was conceptualized in terms of pain relief, or in terms of pain relief in conjunction with patient reported disability, return to work or activity status and medication use. This strong association is clearly in agreement with the bulk of previous research reviewed by Young (12) , which has shown compensation to be associated with poorer outcomes in patients who have undergone low back surgery.
In this study, no physical variable was significantly associated with outcome in the regression analyses. Other researchers have noted that physical factors including diagnostic tests such as myelography were unable to predict outcome following low back surgery (58) . In the present study, all radiographic results were deleted from multivariate analysis from the outset because of the large amounts of missing data for each test. It could, therefore, be argued that this finding is related to the heterogeneous nature of the sample in this study. More specifically, this study surveyed preoperative status and subsequent outcome for patient with a variety of different conditions (ie, scoliosis, osteoarthritis, prolapsed lumbar disc, spondylolysis, spondylolisthesis and spinal stenosis) requiring different procedures of laminectomy, discectomy and/or lumbar fusion. The preoperative physical factors important to outcome may be somewhat different for each category. Therefore, when these groups are combined, variables that may have reached significance if only one diagnostic group was analyzed may have lost their significance.
While some important preoperative physical variables may have been made statistically nonsignificant due to the study design, the importance of psychosocial variables and outcome remains clear. It must be conceded, however, that the heterogeneous sample may have biased results in this way, thus previous research reporting physical predictors of outcome cannot be ignored.
Limitations of this study
The results of this study are correlational and can, therefore, be useful in inferring association. However, no cause and effect conclusions on relationships between the variables can be drawn. For causal relationships to be clarified, further research is required. With coping strategies, for example, it is not clear whether the use of certain strategies leads to greater pain and disability, or whether greater pain and disability lead to the use of certain strategies (59) . This is because studies to date have generally been correlational in nature. The same is true for all other variables found to be significantly associated with outcome.
Another weakness of this study is the deletion of the following variables from subsequent regression analyses due to extensive missing data: occupation type; time off work before surgery; job satisfaction; job financial satisfaction; and expectations of return to work following surgery. It could be argued that these variables are of great predictive relevance for low back surgery outcome (J A Turner, personal communication, March, 1995). Waddell et al (60) also found in a prospective study that return to work following low back surgery was influenced predominantly by occupational status. Other researchers, however, have also been unable to analyze fully occupational variables and outcome because of sample heterogeneity of working patterns and variation in occupational status (9) .
This study sought to use a refined methodology. It must be conceded, however, that the study has some methodological flaws. The first author conducted both preoperative assessments and outcome interviews. Therefore, the interviewer was not blind to the hypothesis of the intervention, nor to the preoperative psychological status of the patient. This may have biased the results to a degree that cannot be known. Bessette et al (61) argued that in surgery, research assessment by interview should occur with interviewers blind to the hypothesis of the intervention. In defense of the present study's methodology, however, the follow-up information was collected and analyzed by someone other than the operating surgeon (as recommended by Waddell) (62); as a result bias would have been reduced to some degree.
Another important issue in orthopaedic surgical studies is that the recommended minimum observation period is two years (61) (62) (63) . While the results presented here only pertain to a six-month review, further follow-up is in progress.
CONCLUSIONS
Outcome in this study was explained by psychosocial variables alone. Some physical parameters may have been poor predictors because of the present study's methodology and design; however, the highly significant prediction of outcome from psychosocial features is noteworthy. Other researchers have also found that prediction of outcome could be based upon psychosocial variables alone (58) .
Based upon the present findings, future research should attempt to construct a preoperative surgery assessment device to identify patients who may be at risk for poorer outcome and who need psychological treatment before surgery. Other researchers have more recently attempted to construct tools to survey preoperative status and outcome (9,64), partly in an endeavour to select appropriate patients for surgery and partly to allow for comparisons of treatment outcome. It is beyond the scope of this study to begin the task of a preoperative assessment tool construction, because the outcome for the sample under scrutiny has only been measured at the six-month postoperative point and the recommended minimum observation period following surgery is two years (61) (62) (63) . The promising early findings need to be replicated at subsequent follow-up. If they prove to be reliable, the construction of an assessment device can proceed.
Previous research and a recent monograph on preoperative screening for chronic pain patients (65) highlight the importance of preoperative chronic pain patient assessment. The results of this study also clearly point to the importance of routine preoperative psychological assessment.
While this study has been able to predict accurately low back surgery outcome using preoperative information, it is unlikely that any form of preoperative assessment could do this with complete accuracy. Low back surgery candidates are influenced by a complex interaction of physical, psychological, and social and demographic factors that are not yet fully understood. There may always be patients with good preoperative indications who have poor outcome and, probably less frequently, patients who do well despite a preoperative profile suggesting that a poorer outcome is likely. Researchers can only strive for the most accurate assessment device possible, while taking into account time and financial restrictions for any form of preoperative assessment.
Further follow-up of the sample of patients used in this study is required to confirm the reliability of the results. Future research should then attempt to construct a simple and brief preoperative screening tool that identifies as accurately as possible the patients who are at risk for poor surgery outcome. Such research will also need to clarify whether preoperative psychological treatment for psychologically distressed patients does indeed result in improved surgical outcome.
